Background. Human herpes virus 8 (HHV-8) infection is associated with Kaposi sarcoma (KS) and other neoplastic and non-neoplastic manifestations. A strong association between HHV-8 and KS has been evidenced in transplant recipients, particularly kidney recipients. Methods. We have investigated the HHV-8 seroprevalence by an immunoenzymatic assay in 408 patients awaiting kidney transplantation and in the corresponding 356 donors; moreover, we have tested for the presence of HHV-8 DNA by nested PCR in available serum samples of the same graft recipients at 6, 12 and >18 months post-transplantation (overall 156 specimens). Associated factors, such as age, sex, area of residence, potential for HHV-8 transmission via organ transplantation and development of KS were also investigated. Results. Twenty (4.9%) of 408 patients and 7 (1.9%) of 356 donors were seropositive. HHV-8 seropositive patients were on average about 6 years older than seronegative individuals. No difference in prevalence by gender was found. Considering the area of residence of seropositive patients, 4/161 (2.48%) were resident in Piemonte vs 16/247 (6.47%) in other areas of Italy (P ¼ n.s.). During the follow-up post-transplantation, HHV-8 DNA was found only in four patients who were seropositive before transplantation, in three cases the corresponding donor was seronegative, in one the corresponding donor was also seropositive and the recipient developed KS. At >18 months posttransplantation, two patients were HHV-8 DNA positive, both were seronegative pre-transplantation and their corresponding donors were seronegative. Conclusions. HHV-8 seroprevalence in the Piemonte region seems to be low, also in a population of kidney transplant recipients. Based on our data, it does not seem that the immunosuppressive regimen favours the reactivation of HHV-8. Our results do not suggest the possibility of HHV-8 transmission via organ transplantation. Incidence of KS among HHV-8 seropositive patients was very low.
Introduction
Human herpes virus 8 (HHV-8) is a member of the Herpesviridae family, Gammaherpesvirinae subfamily, and was first identified in 1994 by Chang et al. from the skin lesions of human immunodeficiency virus (HIV)-infected patients with Kaposi sarcoma (KS) [1] . Beside KS, HHV-8 has been associated with primary effusion lymphoma, a rare lymphoma occurring mainly, but not exclusively, in AIDS patients, and with the plasma cell variant of multicentric Castleman's disease, a localized lymphoproliferative condition occurring in AIDS patients and transplant recipients frequently, but not invariably, associated with HHV-8. Moreover, HHV-8 has recently been linked to non-neoplastic manifestations such as haemophagocytic syndrome, cytopenia in renal graft recipients and acute bone marrow failure. Like other herpes viruses, HHV-8 establishes a lifelong relationship with its host, remaining latent in CD19þ B lymphocytes. Human herpes virus 8 is not as ubiquitous as most herpes viruses as its seroprevalence varies in different areas, mirroring the rates of the geographic distribution of KS before the AIDS epidemic [2] . In the adult general population, the seroprevalence of HHV-8 ranges from <5% in North America, northern Europe and Southeastern Asia to 10-20% in certain Mediterranean countries to more than 50% in sub-Saharan regions [3] . In areas at low seroprevalence (non-endemic countries), transmission is primarily sexual and risk groups are represented by homosexual men, persons with promiscuous sexual contacts and transplant recipients. In endemic areas, transmission occurs prevalently in childhood, with seroprevalence continuously rising during adulthood and in the presence of lower socioeconomic conditions. In this setting, although sexual transmission can occur, non-sexual modes of transmission may be important [2, 4, 5] .
Several studies on the Italian general population have reported HHV-8 seroprevalence ranging from <3% in areas of northern Italy to >30% in central and southern Italy corresponding to areas of relatively high prevalence of KS [6, 7] .
Since many people infected with HHV-8 never develop KS, this is likely to result from a disequilibrium between the virus and the immune system. The role of HHV-8 in the pathogenesis of KS is not completely clear, but it probably involves a transcriptional re-programming of endothelial cells by HHV-8 [8] [9] [10] [11] .
A strong association between HHV-8 and KS has been evidenced in transplant recipients, particularly kidney allograft recipients [12, 13] . It is still unknown whether this results from the reactivation of HHV-8 or to HHV-8 transmission via organ transplantation [12, [14] [15] [16] .
In our study, we investigated the prevalence of HHV-8 antibodies in a group of patients awaiting kidney transplantation and in corresponding donors immediately before transplantation; moreover, we tested for the presence of HHV-8 DNA in available serum samples of the same graft recipients at 6, 12 and >18 months after transplantation. A comparison of seroprevalence rates between patients awaiting kidney transplantation (patients with end-stage renal disease on haemodialysis) and organ donors (considered as healthy subjects) was done. We also looked for associated factors, such as age, sex and area of residence among graft recipients. Furthermore, the potential for a HHV-8 transmission via organ transplantation and the correlation between HHV-8 infection and the development of KS was investigated.
Subjects and methods
Between December 2001 and February 2006, serum samples were collected from 408 patients (male/female, 260/148; mean age AE SD, 51.7 AE 12.14 years; range 19-75 years) awaiting kidney transplantation at the Renal Transplant Unit of the Molinette Hospital, Turin, Italy, and from the corresponding donors (356 subjects, male/female, 181/175; mean age AE SD, 51.12 AE 16.45; range 15-79) considered as a comparison group of subjects without renal disease, immediately before transplantation and tested for HHV-8 antibodies. Considering the area of residence, 161 patients (39.5%) were from the Piemonte region or other areas of north western Italy, while more than 85% of the donors were resident in the Piemonte region north-western for more than 10 years.
Serum samples were tested with two commercially available immunoenzymatic assays: the first assay (HHV-8 ORF-73 IgG ELISA; Advanced Biotechnologies Inc., Columbia, MD) utilizes a recombined protein fragment of the major latent nuclear antigen, encoded by open reading frame (ORF) 73, therefore detecting antibodies to HHV-8 Latent Nuclear Antigen-1 (LNA-1). The second assay (HHV-8 IgG bi-peptide Enzyme Immunoassay; Biotrin International GmbH, Heidelberg, Germany) is based on a synthetic peptide mix which allows for the detection of antibodies to lytic HHV-8 viral proteins. The tests were performed according to the manufacturer's instructions.
Subsequently, during the follow-up post-transplantation, 156 specimens obtained from 104 patients were investigated for the presence of HHV-8 DNA: 57, 54 and 45 samples obtained from the corresponding number of patients at 6, 12 and >18 months (mean AE SD, 19.9 AE 4.8 months; range, 17.1-23.4) post-transplantation, respectively. Clinical followup was as follows: all the sera of the pre-transplantation seropositive recipients and of the seronegative recipients whose donors were seropositive were tested for HHV-8 DNA at 6 months, while evaluation at 12 and >18 months was based on clinician's decision; moreover, additional serum samples of seronegative recipients were tested based on the availability of the specimens. HHV-8 DNA was tested by nested PCR, as previously described [17] .
Seroprevalence was expressed as percentage. Categorical variables were assessed with 2 -test with Yates' correction and continuous variables with Student's t test for unpaired data.
Results
Results obtained in renal transplant recipients are summarized in Table 1 . Before renal transplantation, 20 (4.9%) of 408 recipients and 7 (1.9%) of 356 donors were seropositive, being the difference of seroprevalence significant (P ¼ 0.046). In particular, 16 of the recipients and all the donors showed antibodies to both HHV-8 lytic and LNA-1 antigens, while four recipients showed antibodies only to lytic HHV-8 viral proteins. We also investigated possible differences in HHV-8 seroprevalence associated with sex, age, or area of residence. No difference in antibody prevalence by gender was found. HHV-8 seropositive patients were Table 2 . Six months post-transplantation HHV-8 DNA was found in 4 (20%) of the 20 patients seropositive before transplantation: in three cases, the corresponding donor was seronegative, in one the corresponding donor was also seropositive and the recipient developed KS. All the 37 seronegative recipients who were tested, including the seven whose corresponding donors were seropositive, resulted HHV-8 DNA-negative.
After 12 months post-transplantation, HHV-8 DNA was negative in all the 54 patients whose sera were available, including seven seropositive patients before transplantation whose corresponding donors were seronegative; HHV-8 DNA was negative also in five patients whose corresponding donors were seropositive. None of these patients developed KS over this period.
At >18 months post-transplantation, HHV-8 DNA was found in two patients seronegative before transplantation and whose corresponding donors were seronegative and in none of 10 patients seropositive before transplantation. Also, five seronegative patients whose donors were seropositive resulted HHV-8 DNA negative. None of these patients developed KS in >18 months following transplantation.
Discussion
The results of our study allow some general and circumstantial conclusions. Pre-transplant prevalence of HHV-8 antibodies among graft recipients was 4.9%. Considering the area of residence, the prevalence was 2.48% and 6.47% in Piemonte and in other areas of Italy (mainly Central and Southern Italy), respectively. The observed rates are similar to those previously reported in different regions of Italy [6, 7] , although, to our knowledge, this is the first study on HHV-8 seroprevalence in renal transplant recipients in Piemonte. Overall, based on these data, the Piemonte region and northwestern Italy seem to be areas at low HHV-8 seroprevalence. The difference of prevalence between recipients and donors could be attributable to the different area of residence or, alternatively, to the clinical conditions, i.e. end-stage renal subjects vs Table 2 . Serum HHV-8 DNA in renal transplant recipients: post-transplantation follow-up at 6, 12 and >18 months of pre-transplantation seropositive recipients and pre-transplantation seronegative recipients whose donor was seropositive individuals without renal disease. In a similar study on HHV-8 seroprevalence among patients with end-stage renal disease in Saudi Arabian patients, the authors concluded that these patients seem to have at most a small increased risk of HHV-8 infection compared with subjects without renal disease. Considering our data, no definitive conclusions on the possibility of an increased HHV-8 seroprevalence in this category of patients can be made [18] . Taking into account the different areas of residence, our results suggest that HHV-8 seroprevalence is unaffected by pre-transplant therapeutic regimens and/or dialysis.
As generally reported, our study found that seroprevalence was similar in men and women. The observed 1.4-7.9% increase in rates of seropositivity according to age group reflects the age-related increased possibility of infection, due to sexual and possibly non-sexual transmission [12] or an ageassociated decline in immune competence determining an increased risk of either primary infection or reactivation of latent infection.
The discordance between the results obtained with the two types of serological assays could be due to the different sensitivity, as the lytic antigenbased assays result more sensitive in identifying seropositivity than the latent antigen-based assays, as reported by many studies. Therefore, a combination of assays may be the best way to achieve the best detection rates [19] .
The fact that HHV-8 DNAemia was negative in 16 of the 20 pre-transplantation seropositive patients could suggest that the level of immunosuppression at 6 months post-transplantation did not favour viral reactivation, as further evidenced at 12 and >18 month follow-up (Table 2) .
Regarding the possibility of HHV-8 transmission via organ transplantation, our results do not seem to support this hypothesis, as none of the seronegative patients whose donor was anti-HHV-8-positive resulted HHV-8 DNA-positive at the follow-up posttransplantation. These data differ from those reported by Sheldon et al. [14] : in a study on kidney transplant patients in Belgium, the authors found a 2.1% of seroconversion following transplantation that could be due to acquisition through the transplanted organ or through transfusion. However, the lack of positive PCR at the follow-up post-transplantation in seronegative recipients whose donors were seropositive does not exclude an, albeit clinically not relevant, HHV-8 infection during the follow-up.
Finally, the overall incidence of KS after renal transplantation showed very low results (1/408 patients, 0.25%), as only one patient who was seropositive before transplantation and whose donor was also seropositive developed KS in 6 months. In this regard, it has been hypothesized that the risk of KS could be exceedingly high when the organ donor and recipient are both HHV-8 positive [20] . It is to be noted that this patient (a 64-year-old male) was resident in Piemonte, but originated from Albania. In the view of the small number, no definitive conclusion can be drawn, although this could suggest that in an area at low HHV-8 seroprevalence other factors contribute to KS development. However, our study clearly evidences patients with an increased risk for KS of about 3.7% (1/27) in the presence of seropositivity of either donor or recipient and 25% (1/4) in transplant recipients with a positive PCR within the first 6 months following transplantation.
In conclusion, the current study evidences that Piemonte and northwestern Italy are areas at low HHV-8 seroprevalence and supports the hypothesis that age-and environmentally-related differences may be involved both in primary infection and in immunological control of HHV-8 replication.
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